Griseolic acid is a new nucleoside type compound which was isolated from the culture broth of Streptomyces griseoaurantiacus SANK 63479.3) Its structure was subsequently determined as 1 by X-ray crystallographic analysis. 4) As illustrated, griseolic acid, which seems to be derived from adenosine and tartaric acid, has an adenine base, a bicyclic ring in its sugar moiety and two carboxylic acid groups. Thus, its structure is very similar to that of adenosine 3', 5'-cyclic monophosphate (cAMP).
We have reported that griseolic acid is a strong competitive inhibitor of cAMP and guanosine 3', 5'-cyclic monophosphate (cGMP) phosphodiesterases (PDE), and thus it increases the level of 3',5'-cyclic nucleotides in the tissues of treated animals.5) It seems to act as an antagonist for PDE, probably because its structure is very similar to that of a 3',5'-cyclic nucleotide. It is well-known that cAMP, which is widely distributed in animal tissues, functions as a second messenger for and mediates the effects of a large number of hormones; as a result, cAMP has a variety of important physiological and biochemical roles. From this background, we have investigated the relationship between the structures of griseolic acid derivatives and their inhibitory activities against PDE. In this paper, we wish to report a synthetic method for acylated derivatives and an examination of their inhibitory activities against cyclic nucleotide PDE.
Synthesis
An interest in the structure-activity relationship of griseolic acid has prompted us to synthesize various partially acylated derivatives. Moreover, these compounds should be good intermediates for synthesizing other derivatives of griseolic acid, as will be reported elsewhere. We therefore developed methods for regioselective acylation of each functional group of griseolic acid.
N69O2',O7'-Tribenzoylated Derivative (4)-In order to synthesize the title compounds, the general method6) of acylation for nucleosides, that is, reaction with acid anhydride or acyl halide in pyridine, was applied to griseolic acid. However, the reaction mixture turned darkbrown and the starting material seemed to decompose. The desired compound was not formed. It seemed likely that this decomposition might be due to the double bond and carboxylic acid groups in the sugar moiety of griseolic acid.
Thus, we looked for a suitable protecting group, which could be removed under acidic conditions, for the two carboxylic acid groups. A benzhydryl group was found to be suitable for this purpose.
Dibenzhydryl griseolate (2) was obtained in good yield by reacting 1 with diphenyldiazomethane in acetone containing water for 16 h at room temperature. This benzhydryl ester 2 was then benzoylated according to the general method7) to give the N6,N6,O2',O7'-tetrabenzoylated derivative (3a). Removal of the benzhydryl groups with trifluoroacetic acid in the presence of anisole gave the tribenzoyl compound (4).8) Under these reaction conditions, not only the carboxy-protecting groups, but also one of the N6-benzoyl groups were simultaneously removed quantitatively. Consequently, it is considered that this method is available for preparing an acylated adenine nucleoside-type compound which has only one acyl group at the N6-position. It has been well recognized that, in the proton nuclear magnetic resonance (1H-NMR) spectrum, the signal of the hydrogen bound to the carbon atom carrying an acyloxy group of the nucleoside is usually observed at significantly lower field as compared to that of the original hydroxy nucleoside. The NMR signals of 2'-H and 7'-H' of 4 were observed at about 1.3 ppm lower field than those of 1, as shown in Table I . Furthermore, the ultraviolet (UV) spectrum of 4 showed a peak at 277 nm which was very similar to that of Derivatives (9a and 9b) Acylation of adenine nucleoside with acid anhydride usually gives a product acylated at hydroxyl groups in the sugar moiety as a main product.13) The benzhydryl ester 2 was treated with benzoic anhydride in acetone in the presence of sodium carbonate at refluxing temperature to give the dibenzoate 8a. Removal of the benzhydryl groups with trifluoroacetic acid in the presence of anisole gave di-Obenzoylgriseolic acid (9a). The structure of this compound was determined from the NMR and UV spectra and elemental analysis.
Derivative (10) Since all attempts of selective introduction of an acyl group at the OT position failed, we tried to remove the O2'-benzoyl group of 9a. The O'benzoyl group of 9a was selectively removed by treatment with 20% methanolic ammonia in an ice bath for 2 h to give the O7'-benzoyl derivative 10 in good yield. The structure of this compound was determined from the NMR and UV spectra and elemental analysis. It seems likely that the resistance of the O7'-acyl group to hydrolysis is due to participation of the neighboring carboxylic acid group at the 9' position.
As shown in Fig. 2 General-Melting points were determined using a Yanagimoto melting point apparatus and are uncorrected. NMR spectra were obtained with a Varian EM-390 spectrometer (90 MHz) and the chemical shifts are expressed in ppm from tetramethylsilane as internal standard; s, singlet; d, doublet; t, triplet; dd, doublet of doublets; m, multiplet; br d, broad doublet. UV spectra were obtained using a Hitachi 200-20 spectrophotometer. The thin layer chromatography (TLC) was carried out on Merck silica gel F254 pre-coated TLC plates, layer thickness 0.25 mm, and spots were visualized by UV irradiation or by spraying with 30% aqueous sulfuric acid followed by heating. Ordinary chromatography was performed by the rapid chromatography method16) using Merck silica gel (Kieselgel 60 Art. 9385). Acid (9a) Compound 8a (2.80 g) was dissolved in 10 ml of anisole. Trifluoroacetic acid (10 ml) was then added, under ice-cooling, and the mixture was left standing at room temperature for 1 h. The residue obtained by distilling off the solvent under reduced pressure was dissolved in acetone, toluene was added, and then the solvent was distilled off. This process was repeated 3 times. The resulting yellowish caramel-like substance was dissolved in 20 ml of acetone, and this solution was slowly poured into 200 ml of hexane, with stirring. The mixture was then stirred for 30 min, and the precipitate was collected by filtration. The precipitate was suspended in 20 ml of a 5% (w/v) aqueous solution of sodium bicarbonate and 20 ml of water. Ethyl acetate (50 ml) was added and the pH of the mixture was adjusted to 0.5-1.0 by the addition of concentrated hydrochloric acid so as to completely dissolve the precipitate. 
